Abstract. Most studies of software outsourcing focus on how to manage the outsourcing from the perspective of the outsourcer, i.e., a company issuing a subcontract. There are few studies of outsourcing presented from the viewpoint of the supplier, i.e., a company receiving a subcontract. Since more and more Chinese software companies are getting software outsourcing subcontracts from all over the world, it is important to investigate how software outsourcing projects are actually performed in China, and to identify possible enhancements. Our study has collected data by a questionnaire-based survey from 53 finished projects in 41 Chinese software suppliers. The results show that: 1) Differences in natural languages may not be the barrier of Chinese software suppliers. 2) Email is most used to discuss development related issues, while face-to-face meetings are mainly used to discuss management and requirements issues. 3) The main reasons for overtime work at the Chinese suppliers are design or requirements changes initiated by the outsourcers and the suppliers' initial underestimation of the effort.
Introduction
Software outsourcing is gaining more and more attentions. It can help software companies to save costs and to focus on their core businesses [1, 5] . Along with the China's policy of opening to the outside world, China is becoming one of the biggest software supplying countries, together with India, Ireland, Russia, and so on. Although the volume of Chinese software exports in 2005 is $3590 million, which has grown from $720 million in 2001, it is still only 1/6 of India's and is 0.5% of the total volume of Chinese exports [2, 15] .
Comparing to in-house software development, there are several factors that may impact the effectiveness of software outsourcing, such as infrequent and ineffective communications between decentralized teams [6] , time zone differences [4] , and cultural differences [7, 8, 13] . Many studies have been performed on these issues, but mainly from the outsourcers' perspective. Since China is emerging as a major player in software outsourcing, it is important to study and make guidelines on such issues, in order to help Chinese software suppliers to improve their businesses.
Our questionnaire-based survey has investigated seven software engineering issues in Chinese software suppliers. Due to page limitation, we present only three of them in this paper, namely differences in natural languages, effective communication, and overtime work. We have used membership lists from a national Chinese Software Organization (called CSO * in this paper) to achieve a representative subset of software companies. We have gathered information from 53 finished projects in 41 Chinese suppliers. The results show that differences in natural languages may not be the critical factor to affect the success of Chinese software suppliers. Email is the most common mean of communication in development related issues between the outsourcers and suppliers, while face-to-face meetings are mainly used to discuss management and requirements issues. Design or requirements changes initiated by the outsourcers and the suppliers' initial underestimation of the effort are the main reasons for suppliers' overtime work.
The remainder of this paper is structured as follows: Section 2 presents the related work and research questions. Section 3 describes the research design. Section 4 presents results and discussions. Section 5 contains a general discussion. Conclusion and ideas for future work are presented in Section 6.
Related work and research questions
There are two main participators in software outsourcing: the outsourcer and the supplier. Software outsourcers are the organizations that give software development subcontracts to other organizations, called the suppliers. Most previous studies focus on managing the software outsourcing from the outsourcers' point of view, such as how to manage the cultural differences [7, 8, 13] , how to evaluate and select capable suppliers [10] , and how to manage contractual related issues [3] . However, only few studies [11, 12] focus on facilitating the efficiency of software outsourcing from the suppliers' perspective, such as how to communicate and cooperate with outsourcers.
Since China has one of the largest software supplier industries in the world, it is opportune to investigate how Chinese software suppliers can improve their practices to communicate and cooperate with software outsourcers all over the world. The possible lack of English skill can pose constraints for Chinese software suppliers in communicating with outsourcers from Western countries [7] . As it is much harder to follow the plans in projects across organizational and geographic boundaries than projects within the same place and organization [16] , the geographical differences between China and Western countries may also introduce additional project overruns [11, 14] . * The name of this organization was omitted for confidential reasons
Differences in Natural Languages
In software outsourcing projects, the natural language being used in the documents is an important factor, because language differences may cause misunderstandings. For instance, word "more than" in Japanese means equal and more (>=), but in Chinese it means more (>). The misunderstandings in requirements specifications or other development documents may cause project overruns.
A previous study [4] proposed that "the language factor is one of the reasons for the success of software outsourcing in countries with strong English language capabilities, such as Philippines and Singapore". The study [9] concluded that the major Chinese market for software outsourcing is Japan, because of a similar culture. On the other hand, India's major market is in US and UK because of a shared English language. So, the biggest barrier to Chinese software suppliers towards Western companies seems to be the English language. However, Japan and China also speak different natural languages, but the outsourcing projects between them seem to work well. So our first research question is:
RQ1: Are differences in natural languages the barrier to Chinese software suppliers?
Effective Communication
Compared with in-house software development, the communication shared in software outsourcing is affected by distribution of both space and time. The study [4] concluded that synchronous communication, such as telephone meetings or video conferences, can resolve misunderstandings and small problems before they become bigger problems. On the other hand, asynchronous communication like email often delays or complicates problem resolution. However, the results of another study [11] show that email is used much more than synchronous channels in a Latvian subcontractor company. To improve suppliers' current practices, it is important to know which communication channel is mostly used between foreign outsourcers and Chinese suppliers. So our second research question is:
RQ2: What is the most common mean of communication between foreign outsourcers and Chinese suppliers?
Overtime Work
According to a survey [18] , around 60% to 80% software development encountered effort and/or schedule overruns. The average overrun is about 30% to 40%. Schedule and budget risks are the highlighted risk factors in software outsourcing [12] .
Comparing with in-house development, more issues, such as time zone differences and organizational differences, may also cause project overruns [11] . To keep the project schedule, overtime work is often used as a remedy. Most Chinese software suppliers get contracts from Japan, which has only one hour time difference with China. It seems that time zone difference is not the major reason of overtime work of Chinese suppliers. We wonder there are other reasons that cause the project overrun. So, our third research question is: RQ3: What are the main reasons for overtime work at Chinese software suppliers?
Research design
To answer the research questions, we have used a questionnaire-based survey to collect data. First, a preliminary questionnaire with both open-ended and close-ended questions was designed by reading literatures. Second, a pre-study was performed to verify the quality of questions in the preliminary questionnaire, and to get answers on the open-ended questions. Based on the results of the pre-study, most open-ended questions in the preliminary questionnaire were redesigned into close-ended questions. In addition, the problematic questions in the preliminary questionnaire were revised. Then, the revised questionnaire was used to collect data in a main study.
The preliminary questionnaire
The preliminary questionnaire was designed to study seven issues of software outsourcing from the suppliers' perspective and had 10 sections. Sections 1 and 10 contain questions to collect background information of projects, companies and respondents. Questions in sections 2, 5 and 7 are related to the research questions in this paper. The remaining sections investigate four issues, which are related to technology management (e.g., how is source code integrated and updated) and business relationship management (e.g., how did the outsourcer and supplier get to know each other), are not reported in this paper.
The pre-study to verify and refine the preliminary questionnaire
The pre-study included two steps, where individual interviews were followed by a workshop.
Step 1 -Individual interviews. We interviewed 5 project managers from 5 different software suppliers. All the interviewees had solid experiences in software outsourcing. Each interview was conducted by two authors of this paper. One was responsible for conducting the interview and the other recorded answers and asked for clarification if needed. The interviews were also taped for later use.
Step 2 -A workshop discussion. After the individual interviews, we revised most open-ended questions in the preliminary questionnaire into close-ended questions and made a second version of the preliminary questionnaire. We then organized a group discussion (a workshop) with more than 30 industrial experts to verify and comment the second version of the questionnaire. Based on inputs from the workshop, we revised the questionnaire into a final version. The final questionnaire includes 66 questions and takes about forty minutes to be filled in.
The main study to collect data
In the main study, the data was collected by cooperating with the CSO. As mentioned, we got 53 questionnaires from 41 companies. The sample selection and data collection process were as follows:
1. Establish the target population. We randomly selected 2,000 companies from a database of the CSO, which included about 6,000 Chinese software companies. 2. Send invitation letters by email to obtain possible participants. We sent invitation letters by email to the 2,000 selected companies. The invitation letter introduces the survey and specifies that the survey participant will be rewarded with either the final report of this survey or an annual membership of the CSO worth 500 Chinese Yuan. We got responses from 300 software outsourcing companies. These companies were later used as the original contact list. 3. Send questionnaires by email to possible participants. The unit of our study is defined as a finished software outsourcing project. We sent questionnaires (as word files) by email to the 300 companies and asked them to select one or more projects to answer the questionnaire. Since we cannot get the complete list of relevant projects in each company, the projects selection within the companies were decided by the respondents themselves, i.e., convenience sample. 4. Collect filled-in questionnaires with follow up. From the 300 companies, we first got 40 questionnaires back. To ensure the quality of the data, we excluded 10 questionnaires answered by respondents with less than three years working experiences. For the remaining 30 questionnaires, we contacted the respondents again by telephone to clarify possible misunderstandings and to fill-in the missing data. At the same time, we contacted the rest of 260 companies through telephone to persuade them to fill in the questionnaire. By doing this, we got 23 more questionnaires back.
Results and discussions of research questions
In this section, we first present an overview of the collected questionnaires. After that, we show the results of each research questions followed by detailed discussions.
Overview of collected questionnaires
Participating companies. According to the number of employees, the participating companies include 7 small, 22 medium, 8 large, and 4 super large software companies, as shown in Fig. 1 . Comparing with the profile of the number of employees in Chinese software industry [2] , it shows that most of the participating companies in our survey are medium and large companies. 
Results and Discussions

Investigating RQ1: Are differences in natural languages the barrier to
Chinese software suppliers?
Results on RQ1. For this research question, we investigate how well the suppliers' employees understand the non-native natural languages used in the documents (e.g., business agreements, requirements specifications, and design specifications) provided by the outsourcers. The scales used to measure people's language skills are: master (near native), fluent, competent (can speak, read, and write, but not fluently), read&write only, unfamiliar, and do not know. The results of RQ1 are presented in Fig. 2 and Fig. 3 . − Fig. 2(a) shows that respondents working on projects outsourced from American and European companies (with only English in documents) have good knowledge of English. However, their Japanese language skills are poor. − Fig. 2(b) shows that respondents working on projects outsourced from Japanese companies with only Japanese in the documents are good at Japanese. Some of them have solid knowledge about English, while the others have poor English skills. − Fig. 2(c) shows that respondents working on projects outsourced from Japanese companies with both English and Japanese in documents have much better skills in English than in Japanese. − Fig. 3 shows that employees of the suppliers on average have better language skills in English than in Japanese. Discussion on RQ1. Kshetri [9] concluded that "The US and the UK are India's major markets, thanks to its English competence. On the other hand, China's cultural similarity to Japan and South Korea has facilitated its software export." However, our results in Fig. 2(c) and 3 show that the employees of Chinese software suppliers on average have better knowledge in English than in Japanese. Moreover, results of Fig. 2(b) show that some respondents working with documents written in Japanese also have good English language skills. The possible reason is that most employees in the investigated Chinese software suppliers have a Bachelor's or higher degree. In order to get such degrees, they must pass an English certification called CET-4 (College English Test band 4) or CET-6 to qualify their competence of English. Since Chinese software suppliers have successfully developed large software systems for Japanese outsourcers, their equivalent or better English skills indicate a big potential to develop software for outsourcers from English speaking countries. In addition, our talks with interviewees in the pre-study reveal that some companies are using a steering group with languages competent people as a buffer between developers and outsourcers (as shown in Fig. 4 ). In this case, the Chinese software suppliers managed to resolve the confusions caused by the possible poor language skills of the developers.
projects outsourced from Western companies using English in the documents
Fig. 4. The steering group process
Thus, our conclusion on RQ1 is: Differences in natural languages may not be the barrier for Chinese software suppliers to develop software for English speaking outsourcers. Having a steering group with good English language skills may help to reduce the language impact.
Investigating RQ2: What is the most common mean of communication between foreign outsourcers and Chinese suppliers?
Results on RQ2. To study this research question, we listed several possible channels of communication, such as email, video conferences, and face-to-face meetings, which could be used to discuss issues between outsourcers and suppliers. For each communication type, we asked whether it has been mainly used to specify, clarify, or negotiate issues, such as requirements, business, and schedule. If the communication type has been used for more than one issue, the respondents can mark several alternatives.
We calculated the number of projects using a certain communication type to a specific issue vs. the total number of projects (i.e., 53). For example, 28 projects mainly used email to discuss requirements related issues. Thus, the result is 28/53 or 53%. The summary of all results stand in Table 1 . Since the maximum number value in Table 1 is 60%, we divided them into four categories to simplify the presentation. We excluded numbers less than 30%. Numbers more than 30% and 40% are replaced
Outsourcer
Steering Group Developers − The steering group members get the documents from the outsourcer and try to figure out confusions or possible mistakes with the outsourcer. − The developers get documents from the outsourcer via steering group members − If the developers get confused with the documents from the outsourcer, they will discuss with the steering group members first. − In case developers' language confusions cannot be clarified by the steering group members, the steering group members will clarify the matters with the outsourcer on behalf of the developers.
Send documents Send documents
Discuss confusions Discuss confusions
Supplier with one plus. Numbers between 40% and 50% are replaced with two plusses. Numbers more than 50% are replaced with three plusses.
The data in Table 1 show that email correspondence was used on almost all issues, such as discussing requirements, harmonizing the schedule, handling changes, development, and testing. The popularly used synchronous communication types are telephone meetings and face-to-face meetings, where the face-to-face meetings are most used to discuss the requirements and business related topics. On the other hand, net meetings and video conferences are less used than others. Discussion on RQ2. The previous study [4] proposed that synchronous communication means are more suitable to be used in the outsourcing contexts than asynchronous communication means. However, few empirical studies have investigated how the synchronous and asynchronous communication types are used in practice. Our results show that both the synchronous, such as telephone meetings and face-to-face meetings, and the asynchronous communication type, such as email, have been used all over. However, different communication types have been used to solve different issues. The advantage of email is that it is much cheaper than synchronous communication channels, and is not affected by the distribution of both space and time. Chinese software suppliers have used email to discuss almost everything with outsourcers. On the other hand, face-to-face meetings are mainly used in requirements and business related topics. A case study in one Latvian software supplier [11] shows that email is used much more than other communication channels, while net meetings and video conferences are almost never used. Our results from Chinese software suppliers show the same trend. However, different time zones and holidays between the suppliers and outsourcers may affect their available communication types. If we divide these projects into two groups based on having or not having time zone problems (i.e., Japanese vs. Western), the two groups show similar results as in Table  1 . Thus, the different time zones and holidays between the suppliers and outsourcers may not affect the results of our study.
Our conclusion on RQ2 is: Email is mainly used for development issues, while face-to-face meetings are popularly used for management and requirements issues. Net meetings and video conferences are the least used communication types. Results on RQ3. To investigate this research question, we asked whether there was overtime work in Chinese software suppliers. Results show that 51 out of the total 53 projects had overtime work, usually unpaid. We also asked the respondents their average working hours per week, the percentage of employees in their companies involved in overtime work, and their outputs during overtime work vs. their total outputs. The results show that, the average work hours per week are about 48, meaning the average overtime is 8 hours per week (20% more). Since 70% of the fulltime employees are involved in overtime work, the expected relevant outputs from the overtime hours should be 14% (20% * 70%) of that from normal hours. However, the real "output" production from overtime work is 35%/65% (35% outputs are from the overwork hours and 65% outputs are from the normal working hours), or 54%, which reveals that overtime work is 3 times more efficient than work during normal working time.
To know the reasons for overtime work, we listed several possible alternatives from the literature [12] and from the feedbacks of the pre-study. The respondents were asked to select one or more of the alternatives. More than 70% of the respondents point out that design or requirements changes are the major reason for working overtime (see Table 2 ). In addition, nearly 60% of the respondents think overtime work is caused by initial underestimation of project effort and duration. Discussion on RQ3. We found that the major reason for overtime work in Chinese software suppliers is design or requirements changes, rather than time zones differences. Furthermore, initial underestimation of effort and duration is also an important reason for overtime work. Some of the projects were underestimated because of lack of experience, but many were also victim of tactical bidding [12] . That is, to get a contract, a supplier indicated an unrealistic time schedule or effort to the outsourcer. This then leads to later overtime work for keeping the deadline or budget. If the overtime work (20% more) in our investigated projects is paid, which is usually 1.5 time of normal payment, the real budgets of our investigated software outsourcing projects should be increased by 30%. This means that software outsourcing projects suffer from similar under-budgeting, which is about 30% to 40% percentage [18] , as other software projects.
In our pre-study, some of the interviewees attributed the frequent and unpaid overtime work in their companies to companies' encouragement on overworking. As a result, the employees may not have tried to work as effectively as they could during normal hours and may have postponed certain work into the overtime hours. This may explain our finding that the overtime work is more productive than normal time work. Also the less interruption from other employees could be another reason for more productive overtime work. Since our results show about 70% full-time employees worked overtime, it is hard to conclude that the interruptions in the overtime are less than in the normal time.
Our conclusion on RQ3 is: The main reasons for overtime work at Chinese software suppliers are design or requirements changes and initial over-optimism of the budget. The cultural encouragement of overtime work may also reduce the efficiency in the normal work hours.
Final discussion
General discussion
Based on our results of RQ1 to RQ3, we suggest the following strategies for Chinese software suppliers to improve their efficiency.
Manage the possible language differences with a steering group
The language factor is one of the reasons for the success of software outsourcing. The successes of software industries in India, Philippines and Singapore are accepted examples [4, 9] . Before our study, few studies have systematically examined the language skills of employees of Chinese software suppliers. The outsourcers from English speaking countries may still be skeptical to the English language skills of their Chinese suppliers. However, our results show that the differences in natural languages are not the barrier to Chinese software suppliers. For the Chinese suppliers, one possible method to manage the language effects is to build a steering group that is comprised by language competent project managers and senior developers. The members of the steering groups can work as a bridge between the external outsourcers and internal developers. Since most communication between the internal developers and the external outsourcers need to go through such a steering group, we later need to study how to improve the performance of such a group.
Do not overuse synchronous communication methods
A previous study [4] shows that synchronous communication channels usually have more advantages than asynchronous communication channels. However, our results and another previous study [11] show that email is still used frequently by the outsourcers and suppliers. On the other hand, synchronous channels, such as net meetings and video conferences are rarely used. To improve the efficiency of communications and to reduce unnecessary communication costs, we recommend that suppliers should avoid excessive synchronous communications. Face-to-face meetings and telephone meetings should be mainly used to discuss the business related issues and requirements. For issues related to design, development, and testing, email may work as an efficient communication type.
Manage the requirements changes and avoid unnecessary encouragement on overtime work
In software development, the requirements evolution can be substantial, e.g., 1% per month or 50% over 3 years [17] . Our results show that the main reason for overtime work in Chinese software suppliers are design or requirements changes initiated by the outsourcer. Another reason is the initial underestimation of effort, which is often caused by tactical bidding. In addition, we observed that there is an unnecessary and perhaps cultural encouragement for overtime work, which may cause employees to postpone their work from normal work hours to overtime hours. We recommend the Chinese software suppliers to appoint a change management group to systematically discuss and negotiate changes with outsourcers. Moreover, the Chinese suppliers need to improve their work efficiency in normal hours and try to avoid tactical bidding. An overall remedy to most of these issues is incremental development to reduce the risks for overruns, but this may be hard to combine with the existing outsourcer-supplier contracting process.
Threats to validity
Construct validity. In this study, most variables and alternatives are taken directly, or with little modification from existing literature. We did a pre-study to ensure the quality of the questionnaire, and nearly 10% of the questions and alternatives in the final questionnaire were revised based on the pre-study. With respect to RQ2, one possible threat to construct validity is that we asked only the respondents whether they used some types of communication on each topic or not (i.e., binary scale) without asking for the frequency of usage (e.g., how often do they use a certain communication channel). To investigate the RQ3, we have tried to use quantitative metrics, such as lines-of-code, to measure project outputs in the overtime hours. However, results of the pre-study show that most companies did not record such data. Our currently used subjective measurements may bring threats to conclusions of this research question. Internal validity. We promised respondents in this study a final report or the annual membership of the CSO which worth of 500 Chinese Yuan. Most respondents took part in this survey as volunteers and selected the report as reward. We therefore generally believe that the respondents answered the questionnaire truthfully. However, a possible threat is that the respondents might have failing memory on past projects, because our unit of study is a finished project. External validity. There were more than 11,550 software companies registered in China in 2005 [2] . However, the initial database we used contained only about a half of them. Although we have put a lot of effort on collecting data, we only get from 41 companies out of randomly selected 2000 companies. For the remaining 1959 companies, we could not know their reasons for not participating. The respondents answered the questionnaires based on finished projects, which were selected based on convenience. All the above issues may bring external threats to the conclusion of this study.
